Abstract. The influence of man-made activity on the ionosphere may be very important. The effects induced by the Power Line Harmonic Radiation (PLHR) may change the natural wave activity and/or the ionospheric plasma components. One goal of the ionospheric satellite DEMETER launched in June 2004 is to study the ionospheric perturbations which could be related to this anthropogenic activity. As the first step, the paper presents Tram Lines (TL) which have been observed on board DEMETER with frequency intervals close to 50 Hz or 16 Hz 2/3 (the current frequency of the railways). When it is observable the frequency drift of these TL is very slow. It is shown that these events occur during periods of strong or moderate magnetic activity. A wave propagation analysis indicates that the TL observed below the low cutoff frequency of the hiss which is simultaneously present are coming from a region below the satellite. The conclusion is that these TL observed by DEMETER are produced by PLHR or radiation of railways lines.
Introduction
The Power Line Harmonic Radiation (PLHR) are the ELF and VLF waves radiated by electric power systems at the harmonic frequencies of 50 or 60 Hz. Evidence of PLHR propagation in the magnetosphere was first observed on the ground (Helliwell et al., 1975; Helliwell, 1979; Park and Helliwell, 1981; Matthews and Yearby, 1981; Yearby et al., 1983) . Park (1977) observed ground-based PLHR during a magnetic storm. However, direct observations by satellites are rather rare and shown in few papers (Koons et al., 1978; Bell et al., 1982; Tomizawa and Yoshino, 1985; Parrot, 1994; Rodger et al., 1995) 
. Many observations show that the lines
Correspondence to: M. Parrot (mparrot@cnrs-orleans.fr) drift in frequencies. One must say that there is a controversy about the origin of these lines which are observed in space or on the ground because many of them are not separated by 50 or 60 Hz. They are called MLR (Magnetospheric Line Radiation) or TL, and their generation mechanism is not well determined, although it is most probably due to a nonlinear interaction between electrons and the coherent waves. In their study of ISIS2 data, Rodger et al. (1995) observed MLR and did not find a frequency correlation with 50 or 60 Hz, or multiples. It was the same for observations of MLR at Halley Bay (Rodger et al., 1999 (Rodger et al., , 2000a (Rodger et al., , 2000b . In a review paper concerning observations of PLHR and MLR emissions by ground-based experiments and satellites, Bullough (1995) discussed about the possibility that MLR are due to PLHR. There are indications that PLHR influences the atmosphereionospheremagnetosphere coupling. This problem requires serious attention because the electrical power consumption is always increasing in the world (Parrot and Zaslavski, 1996) . Theoretical works have been done to explain these effects. Nonlinear interactions between electrons and PLHR can participate in the precipitation of electrons from the slot region in the radiation belts (Bullough et al., 1976; Tatnall et al., 1983) . Molchanov et al. (1991) have shown that the main part of the PLHR energy dissipates in the lower ionosphere and modifies the ionospheric currents. Simulations have also been performed by Nunn et al. (1999) to explain ground observations of PLHR and associated triggered emissions in Finland. Recently, Ando et al. (2002) analyzed the penetration of PLHR in the presence of an ionosphere with a single ion and underlined the importance of the ion gyrofrequency relative to the wave frequency of this man-made emission.
The aim of this paper is to present events recorded by the ionospheric satellite DEMETER which was launched in June 2004. Section 2 shortly describes the wave experiment on board DEMETER. Four events showing ELF magnetospheric lines are presented in Sect. 3. Analysis and discussions of these events are done in Sect. 4, whereas Sect. 5 presents conclusions. 
The experiment
DEMETER is a low-altitude satellite (710 km) with a polar orbit which measures electromagnetic waves all around the Earth, except in the auroral zones. The frequency range for the electric field is from DC up to 3.5 MHz, and for the magnetic field from a few Hz up to 20 kHz. There are two scientific modes: a survey mode, where spectra of one electric and one magnetic component are computed on board up to 20 kHz, and a burst mode, where waveforms of the 6 components of the electromagnetic field are recorded up to 1.25 kHz. The burst mode allows one to perform spectral analysis with a better frequency resolution and to determine propagation characteristic of the waves. There is an onboard calibration at 625 Hz which is activated at each mode change and after every 4, 8 or 12 mn. Details of the wave experiment can be found in Parrot et al. (2005) and . Data shown in this paper have been recorded during burst modes. been recorded in the Pacific Ocean close to the Kiribati Islands around the magnetic equator during a period of strong magnetic activity (K p =6). At this time, the satellite was still during the commissioning phase and this is why a part of the magnetic data is missing in the top panel. The regular vertical white lines indicate changes in configuration for another experiment. Other vertical lines represent spherics. In both panels, a set of horizontal lines appears in a frequency range between 310 and 650 Hz. It is observed that these lines do not shift in frequency and that they have higher intensities when the satellite crosses the magnetic equator. Similar observations are done for the other components of the electromagnetic field. It appears that the main horizontal lines are in fact composed of many individual lines. All these lines exhibit a low cutoff frequency which is below the local proton gyrofrequency (see plots and explanation given in Sect. 4).
As this low cutoff frequency increases, some low frequency horizontal lines disappear with the time. In order to check the frequencies of these lines, an averaged spectrum calculated between 09:14:30 and 09:16:30 UT is represented in Fig. 2 . Seven harmonic lines are clearly observed and the first six are separated by 50 Hz, although they are not at exact multiples of 50 Hz. The center of the seventh line, which is broader in frequency, is at a little bit more than 50 Hz. of the natural hiss emission. This cutoff frequency, which is below the proton gyrofrequency, decreases with the time. All other magnetic and electric components show the same feature. A careful check of the spectra indicates that in fact there are two sets of lines: a set with thin lines and another with thick lines. The very thin line which is observed at 39 Hz has been identified as interference. The lines are very slightly drifting in frequency (∼1 Hz per 35 s). Figure 4 displays the magnetic spectrum of the B x component which was obtained, taking into account the first forty seconds of the considered time interval and a spectral analysis with a frequency resolution of 1.2 Hz. The frequencies of the peaks were evaluated considering the half width at the half height of each peak. It gives peak frequencies at 78.0, 95.1, 114.3, 147.3, and 198.9 Hz, and, if we consider the first frequency interval as the unit bin, an average frequency interval is ∼17.2 Hz. Another set of lines can be distinguished at the beginning of the plot above the cutoff frequency, as in event 1. Their intensity is weak relatively to the other set. A more detailed spectrogram of these lines is given in Fig. 6 for the magnetic component B z . It is shown that the lines are separated by 50 Hz for the two sets of lines. As in event 1, the lines are not at an exact multiple of 50 Hz but slightly above (∼4 Hz). There is a broadening of the lines, which are close to 150 Hz and 200 Hz in the middle of the plot, and sidebands appear mainly at the time of the doctal waves.
Event 2 recorded on 8 November 2004

Event 4 recorded on 23 January 2005
Figure 7 is similar to Fig. 1 and represents data recorded on 23 January 2005 between 02:04:10 and 02:08:30 UT during an equatorial crossing above the Indonesian Islands. The magnetic activity was moderate with K p =4. TL mixed with natural hiss noise are detected above the cutoff frequency, as in event 1. Figure 8 displays a frequency zoom of these data for the magnetic component B z , and it is observed that the intensity of the lines increases close to the magnetic equator crossing. As in event 1, the lines are split into several ones. On average, the frequency separation of the three main lines is ∼31.3 Hz. 
Analysis and discussions
It is possible to determine the propagation characteristics of the observed waves during events 2, 3, and 4, which were recorded during a burst mode. The data need to be translated in a frame of reference linked to the Earth's magnetic field B 0 and for event 1, which has been recorded during the commissioning phase, the attitude information is missing. The six components of the electromagnetic field are available, and a relevant software named PRASSADCO has been employed (Santolík, 2001 of this software has been used to process the data of the FREJA wave experiment (Santolík and Parrot, 1999) . But it was specially developed for the data analysis of the spectral matrices computed by the STAFF experiment on board CLUSTER (see, for example, Parrot et al., 2003; Santolík et al., 2003a) , and it has been adapted to process the DEMETER data .
The TL observations can be divided in two parts, depending on their occurrence below or above the low frequency cutoff of the hiss, which is simultaneously observed with the TL. The TL of events 1 and 4 are observed above, TL of event 2 are observed below, and for event 3, two TL sets are observed, one is above and the other below.
Figures 9, 10, and 11 are related to the wave propagation analysis of the last 3 events. They all display the same information. The first panel shows the sum of power spectral densities of the three magnetic components. The black line (also shown in the other panels) indicates the local proton gyrofrequency given by a magnetic field model. seen (mainly for the events 3 and 4) that the local proton gyrofrequency is not the cutoff frequency of the hiss which is observed simultaneously with the TL. The cutoff is at the multi-ion cutoff frequency (see Santolík and Parrot, 1999 and references therein). The second panel displays the sense of polarization in the plane perpendicular to the field line estimated by the method of Santolík et al. (2001) . A value larger than +1 (red color) corresponds to a right-hand polarization. In this panel and in the following ones, the parameters are color-coded only if the intensity of the magnetic field is larger than 10 −7 nT 2 /Hz. The third panel is related to the planarity obtained by the Singular Value Decomposition (SVD) method (Santolík et al., 2003b) . A value close to 1 corresponds to the presence of a single plane wave. The two following panels are related to the direction of propagation of the waves. They give the polar and the azimuth angles between the k vector and the Earth's magnetic field B 0 , respectively. Both angles are calculated using the SVD method (Santolík et al., 2003b) . The last panel is related to the estimation of the component of the Poynting vector S , which is the projection of the Poynting vector onto B 0 , and σ S is a normalisation factor which corresponds to the standard deviation of S due to the spectral analysis. A positive value close to 2 indicates a direction of propagation which is in the direction of the magnetic field, whereas a negative value close to -2 indicates a direction which is opposite to the magnetic field. More details about this wave analysis can be found in Santolík and Parrot (1999) and references therein. The TL which are observed below the cutoff frequency in events 2 and 3 have similar properties concerning the propagation characteristics. The sense of polarization indicates that the waves are right-hand polarized. They propagate upwards (opposite to the magnetic field in the Northern Hemisphere) with an angle relative to the Earth's magnetic field of around 30 • .
The TL which are observed above the proton gyrofrequency at the beginning of event 3 are very similar to those from event 1. The TL intensity is certainly vanishing after an increase around the magnetic equator. At this time, waves which are recorded in the survey mode (not shown) present a large intensity in this frequency range but the frequency resolution is too poor to distinguish TL. Events 1 and 4 are similar in the sense that they exhibit an important growth close to the magnetic equator which is the favoured zone for wave-particle interactions. This is further evidence that these waves may influence the natural mechanisms in the ionosphere and could contribute to the precipitation of particles from the radiation belts. The wave analysis parameters of event 4 are displayed in Fig. 11 . The sense of polarization indicates the presence of right-hand polarized waves. These waves propagate nearly perpendicular to B 0 . During event 4, the color which indicates the direction of the Poynting vector changes when the satellite crosses the magnetic equator. It signifies that the direction of the hiss and of the TL, which are observed at frequencies above the cut-off frequency, is upgoing.
A question is related to the origin of the frequency intervals between the lines which are observed during these four events. The 50-Hz electric current can be found in many parts of the world, including the Pacific Islands. The other frequency interval can be related to the electrified railways. Many countries have standardized on 15 kV 16 2/3Hz (onethird the normal main frequency) system as the standard for low-frequency, high voltage electrification. All harmonics are not often observed depending on the production system which is used (Bullough, 1995) . Then in event 4 the lines whose frequency interval practically equals two times the fundamental frequency may be due to the railways, as for event 2.
Why are the TL not observed at exact harmonics of 50 Hz or 16 2/3 Hz, and why are any sidebands observed? The frequency shift can be explained by a whistler mode instability during a gyroresonance interaction between the coherent waves and the particles in an inhomogeneous medium. The generation mechanism of sidebands may be due to the scattering from ionospheric irregularities which are enhanced by the magnetic activity. All these processes have been already discussed in the past (see, for example, Brinca (1972) ; Matthews et al. (1984) ; Bell (1985) ; Nunn (1986) ; Bell and Ngo (1988) ; Shklyar et al. (1992) and references therein).
Is there a possibility to attribute these ionospheric tram lines to natural emissions? One hypothesis is related to waves at harmonics of ion gyrofrequencies (Liu et al., 1994) which could be produced at much higher L values. These waves could propagate since the source region and could be observed at the altitude of the satellite. But in such a case the frequency drifting of the lines would be much more important than it is observed.
Conclusions
DEMETER is a low orbiting satellite devoted to the study of ionospheric perturbations induced by geophysical activities (earthquakes, volcanoes, thunderstorms, etc.) and manmade activities (VLF transmitters, PLHR, etc.) . Therefore, it surveys the global Earth electromagnetic environment at ionospheric altitudes. When enough data is registered, geographic maps of wave emissions at various frequencies will be produced, in order to compare with regions of high industrial activity and to check if there is some anthropogenic influence in the ionosphere. At this time, this paper is related to four event studies where TL have been observed. The common features of these observations are:
1. The frequency intervals between the TL are close to 50 Hz (the usual electric current system) or to 16 2/3 Hz (the current frequency used for railways).
2. The frequency drift of the TL is very slow.
3. They are observed during periods of moderate or intense magnetic storms. This is similar to observations performed by Koons et al. (1978) with the S3-3 satellite or by Park (1977) with a ground-based experiment.
4. The wave propagation analysis indicates that the TL below the low cutoff frequency of the natural emissions simultaneously observed are coming from a region below the satellite.
5. The intensity of the TL above the low cutoff frequency of the natural emissions is enhanced close to the magnetic equator. This is an indication that they interact with particles.
Therefore, concerning these observations on DEMETER, there is evidence to suggest a link between TL and PLHR or radiation due to railways lines. A systematic search for TL with harmonics at 50 and 60 Hz has been started with an automatic software running on the DEMETER database and results will be presented soon.
